A solid phase preconcentration procedure using SBA-3 nanosorbent for the fast separation and preconcentration of crystal violet (CV) in water samples by fiber optic-linear array detection spectrophotometry (FO-LADS) is presented. Experimental parameters including pH, sample volume, amount of sorbent, type, volume, and concentration of eluent that affect the recovery of crystal violet have been optimized. Under optimized experimental conditions, analytical parameters including limit of detection, linear working range, and relative standard deviation have also been determined. A preconcentration factor of 200 was achieved in this method. In the initial solution, the detection limit for CV was found as 1.3 g L −1 . Under optimal conditions maximum adsorption capacity was obtained as 344.83 mg g −1 . Also, the relative standard deviation was less than ±1.3% ( = 5). The presented procedure was applied to the determination of crystal violet in water samples (fish, fish farming water, and river water) with good results.
Introduction
Crystal violet, a synthetic basic cationic dye, in Figure 1 imparts violet color in aqueous solution. The cationic dyes are more toxic than the anionic dyes [1] , as these can easily interact with negatively charged cell membrane surfaces and can enter into cells and concentrate in cytoplasm [2] . Crystal violet is used in variety of ways: as a biological stain, dermatological agent, veterinary medicine, additive to poultry feed to inhibit propagation of mold, intestinal parasites and fungus, textile dying and paper printing, and so forth [3] . However, crystal violet (CV) is also carcinogenic and has been classified as a recalcitrant molecule since it is poorly metabolized by microbes, is nonbiodegradable, and can persist in a variety of environments [4] .
In response to concerns regarding the health risks associated with the use of crystal violet, even at trace levels, an increasing number of methods have been developed in recent years for its preconcentration and determination such as cloud point extraction (CPE), solid phase extraction (SPE), and rotating disk sportive extraction (RDSE) [5] [6] [7] .
Among these preconcentration techniques, solid phase extraction is preferred by lots of researchers due to its advantages including simple and fast extractor system. It has a relatively high concentration factor and the ability of treating large volume samples free from contamination. The choice of the sorbent is a key point in SPE [8] , because it determines the analytical sensitivity, affinity, capacity, and precision [9] .
In 1992, the discovery of the ordered mesoporous material MCM-41 opened up a new research field in mesoporous materials that were highly desirable for application in processes that involve large molecules [10] . Recent works have shown that mesoporous materials [11] [12] [13] can have large adsorption capacity, good selectivity, and improved powder recoverability for the removal of toxic compounds from aqueous solutions.
In 1996, Huo et al. [14] synthesized a new type of mesoporous material called SBA, with uniform hexagonal structure. SBA-3-type mesoporous molecular sieves were synthesized using a low molecular weight alkyl quaternary ammonium template room temperature and under acidic condition. A well-established fact is that SBA-3 has a negative charge density due to the presence of Si-O and Si-OH groups, which makes this sorbent suitable for adsorption of cationic crystal violet dye through electrostatic interactions ( Figure 2 ).
In this work, highly ordered silica mesoporous molecular sieves (SBA-3) were synthesized for fast and efficient extraction of crystal violet dye from water samples. The structural order and textural properties of the synthesized materials were studied by XRD, SEM, and Nitrogen adsorptiondesorption analysis.
The optimum conditions for sorption and enrichment of crystal violet were studied. In addition, the possible use of the developed method for analyzing CV in water sample solutions was explored.
Materials and Methods

Instrumentation.
The determination of crystal violet was carried out using a UV-Vis light source, optical fibers, and spectrograph (model 2048) that were purchased from Avantes (Eerbeek, The Netherlands). A quartz microcell from Starna Scientific (Essex, UK, Cat. No.16.40F-Q-10/Z15) was used. The pH-meter Model 692 from Metrohm (http://www.metrohm.com/, Herisau, Switzerland) equipped with a glass combination electrode was used for the pH measurements. The XRD pattern was recorded on a Philips 1830 diffractometer using Cu K radiation. The diffractograms were recorded in the 2 range of (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) ∘ with a 2 step size of 0.018 ∘ and a step time of 1 s. Adsorption desorption isotherms of the synthesized samples were measured at 77 K on Micromeritics model ASAP 2010 sorptometer to determine an average pore diameter. Pore-size distributions were calculated by the Barrett-Joyner-Halenda (BJH) method, while surface area of the samples was measured by BrunauerEmmett-Teller (BET) method. Scanning electron microscope (SEM) images of these solids were obtained with a Philips XL30 instrument after gold metallization.
Reagents and Solutions.
The reactants used in this study were tetraethyl orthosilicate (TEOS) as a silica deionized water for synthesis of mesoporous silica (SBA-3) and crystal violet dye (C.I. 42555, max = 584 nm, molecular formula C 25 H 30 N 3 Cl). Dye solution was prepared by dissolving an appropriate amount of dye in double distilled water. The dye solution pH was adjusted using 0.1 N HCl or 0.1 N NaOH. All chemicals used were of analytical reagent grade and all aqueous solutions were prepared using ultrapure water (E. Merck (Germany)) source, cetyltrimethylammonium bromide (CTAB) as a surfactant, and hydrochloric acid (HCl). (SBA-3) . SBA-3 was prepared according to the synthesis procedure described by Huo et al. [14] . The SBA-3 molecular sieve was prepared as follows. Cetyltrimethylammonium bromide (CTAB) and tetraethyl orthosilicate (TEOS) were used as surfactant and silica source, respectively. An aqueous solution of HCl (Baker, 37%) was used to adjust the pH value of the reaction mixture. One gram of CTAB and 15 mL of HCl (37%) were dissolved in 47 mL of deionized water. TEOS (4.45 mL) was then added dropwise to the acidic CTAB solution, while it was stirred at 400 rpm and 30 ∘ C. After 1 h, the resultant white precipitate (as-synthesized SBA-3) was filtered without washing and dried at 100 ∘ C overnight. The as-synthesized SBA-3 powder was calcined at 550 ∘ C in air for 5 h prior to characterization. The heating rate to 550 ∘ C was 1 ∘ C/min.
Synthesis of Mesoporous Silica
Procedure.
Batch static preconcentration studies were carried out by taking 25 mL of sample solution containing 1.25 g of crystal violet dye and adjusting the pH to around 9. 15 mg of SBA-3 was added to the above solution and stirred for 2 min. After filtration and removal the enriched dye was eluted with 1 mL of glacial acetic acid and subjected to a fiber optic spectrograph (Avantes; model: 2048) using a 50-L quartz cylindrical microcell at 590.0 nm. Control or blank experiments containing no dye molecules were also done in a similar manner.
Equilibrium Isotherms.
The amount of the adsorbed CV on the SBA-3 was calculated based on the following equation:
where is the amount of the adsorbed CV on the SBA-3 (mg g −1 ), 0 is the initial concentration of the CV (mg L −1 ), is the equilibrium concentration of the CV in the solution (mg L −1 ), is the volume of the CV solution (L), and is the weight of the dry CV added. For evaluating the equilibrium adsorption, several isotherm models which are essential for designing and optimizing the adsorption processes have been developed such as Langmuir [15] . The linearized form of the Langmuir isotherm, assuming monolayer adsorption on a homogeneous adsorbent surface, is expressed as
where max (mg g −1 ) is the surface concentration at monolayer coverage and illustrates the maximum value of that can be attained as increases. The parameter is a coefficient related to the energy of adsorption and increases with increasing the strength of the adsorption bond and max is the monolayer capacity of the sorbent (mg g −1 ). Values of max and are determined from the linear regression plot of ( / ) versus . The Freundlich [16] equation is expressed in its linearized form as follows:
where and are the constants of the Freundlich equation representing the capacity of the adsorbent for the adsorbate and the reaction order, respectively. The reciprocal reaction order, 1/ , is a function of the strength of adsorption. The value of 1/ ≥ 1 which is obtained from Freundlich model indicates that saturation was not attained. So, according to the results, in this system saturation was attained and also the adsorbent surface did not have heterogeneity.
Results and Discussion
The XRD pattern recorded in Figure 3 displays three peaks at 2 = 2.75 ∘ , 4.72 ∘ and 5.30 ∘ , which are typical (100), (110), and (200) associated with the of one-dimensional hexagonal symmetry of mesostructures [17] . This indicates that ordered SBA-3 has been prepared according to the procedure described.
The nitrogen adsorption isotherm is recorded in Figure 4 . Its general feature appears to be a type IV isotherm. The adsorption step between 0.20 and 0.30 / 0 is due to the capillary condensation in the mesopores of SBA-3. Further, its initial part shows a high "knee" (e.g., the adsorbed volume of liquid N 2 reaches 0.20 cm 3 g −1 at 0.001 / 0 ). This implies the presence of micropores in SBA-3 [18] . In combination with both observations, the isotherm Figure 3 represents a superposition of type I and type IV isotherms, as stated in the literature [19] . The BET surface area and pore volume are 1420 m 2 g −1 and 0.91 cm 3 g −1 , respectively. Scanning electron microscopy images of SBA-3 sample are shown in Figure 5 . The figure shows the size and shape of the crystals. 
Effect of pH.
Identification of the optimum pH is very important because it affects the structural properties of sorbent and analytes. The effect of pH on the recovery of crystal violet was studied with pH varying from 2 to 11. It was found that the extraction recovery of the dye was insignificant at pH 3 and increased in pH range between 3 and 9 ( Figure 6 ).
The effect of pH can be explained in terms of electrostatic interactions initiated by the adsorbent. At lower pH, lower recoveries were due to the presence of excess H + ions competing with the dye cations for adsorption sites. As the pH becomes less acidic (higher pH), the surface of SBA-3 particles may become negatively charged, which enhances the positively charged CV cations through electrostatic forces of attraction. 
Effect of the Adsorbent Amounts.
In order to estimate the optimum adsorbent quantity, the recovery of crystal violet was examined by using the adsorbent quantities in the range of 5-25 mg. The results shown in Figure 7 indicate that the quantitative recovery (>95%) of crystal violet was obtained by increasing of mesoporous silica SBA-3 amount up to 15 mg.
Extraction Time.
The extraction recovery was studied at time intervals in the range of 0.5-10 min. As shown in Figure 8 when the sample solution was shaken only for 2 min, the extraction recoveries of the dye reached its maximum. Thus, the mixtures have been shaken for 2 min to reach equilibrium in the subsequent experiments. 
Desorption Conditions.
In a SPE procedure, eluent and its volume are an important parameter. It is obvious from Figure 9 that the adsorptions of crystal violet decrease sharply with the decrease of pH value. For this reason, various concentrations of various acids were studied for desorption of the retained dye from the sorbent. The resulting data as shown in Figure 8 indicate that the quantitative recovery for crystal violet was obtained by using glacial acetic acid. The effect of the volume of eluent solution was also studied (Figure 10 ). The recovery percentage of the dye increased by increasing the volume of glacial acetic acid up to 1.0 mL and remained constant afterward. Therefore, optimum volume of the eluent was chosen as 1.0 mL. Desorption times were evaluated in the range of 0.5-5 min. The results showed that the time of 1 min is sufficient to quantitative desorption of the dye.
Effect of Sample Volume.
Sample volume is one of the important parameters for obtaining high preconcentration factor. For that reason, the maximum sample volume was optimized by the investigation of the recovery of crystal violet in various synthetic samples and volumes in the range of 25-250 mL containing 1.25 g of crystal violet were used to study (Figure 11 ). The recovery of crystal violet was quantitative (>95%) for sample volumes up to 200 mL, thus enabling the preconcentration factor of 200 for CV.
Adsorption Isotherms and Maximum Capacity of the Sorbent.
The adsorption isotherm is important from both a theoretical and practical point of view. The adsorption isotherm of a specific adsorbent represents its adsorptive characteristics which is very important for designing the adsorption processes. Adsorption isotherms were obtained by shaking 15 mg of SBA-3 in 25 mL of the CV solutions (concentrations ranging from 50 to 550 mg L −1 ) under the optimum conditions (Figure 12 ). The linearized form of the Langmuir (2) and Freundlich (3) adsorption isotherms were used to evaluate the relationship between the concentration of adsorbed CV by SBA-3 and CV equilibrium concentration in aqueous solution. The obtained correlation coefficients ( Langmuir = 0.992 and Freundlich = 0.976) showed that CV adsorption equilibrium data were fitted well to the Langmuir isotherm (Figure 12(a) ) rather than Freundlich ( Figure 12(b) ) isotherm. The maximum monolayer capacity respectively. Table 1 summarizes the models' constants and the determination coefficients.
Stability and Reusability of SBA-3.
To test the reusability and regeneration of the sorbent, it was used in consecutive adsorption/desorption cycles in accordance with the extraction procedure. In this experiment, solutions containing crystal violet (50 g L −1 ) were added to a tube containing 15 mg of SBA-3 and the stability and regeneration potential of the sorbent were evaluated by observing the changes in the recoveries of crystal violet. After each cycle of adsorption/desorption, the sorbent was washed thoroughly with doubly distilled water and then reconditioned for adsorption in the succeeding cycle. It was found that the sorbent was able to quantitatively extract CV in more than 46 cycles.
Analytical Figures of Merit.
The result of calibration curve shows that it is linear up to 200 g L −1 . The correlation coefficient was 0.992. The limit of detection LOD was calculated as 3 / , where is the slope of the calibration curve and is the standard deviation of five consecutive measurements of the blank solution. The LOD value was 1.3 g L −1 . The relative standard deviation of five replicates was found to be less than 1.3% at 50 g L −1 of CV. As the amount of crystal violet in the sample solution was measured after a final volume of nearly 1 mL, the solution was concentrated by a factor of 200 and in this method target analyte adsorbed to sorbent only in 2 min so; this method is very fast.
Analysis of Water Samples.
The application and validation of the proposed method was verified by subjecting SBA-3 to fish, fish farming water, and river water samples, under optimal experimental conditions. Before the analysis, the samples were filtered through a 0.45 m membrane filter. The results are given in Table 2 . The method was validated after spiking different amounts of CV to the samples. A good agreement was obtained between the added and measured CV amounts. The recovery values calculated from the spiked standards were higher than 95% for all the cases. These results showed that the proposed solid phase extraction procedure could be applied for analysis of these samples satisfactorily.
Comparison of Analytical Performance Data with the
Literature. A comparison of the represented SPE method with other reported preconcentration methods is given in Table 3 . In comparison with other reported methods, the proposed method has low LOD (1.3 g L −1 ), high preconcentration factor (200), and very fast extraction time (only 2 min). All these results indicate that SPE combined with FO-LADS is a very simple, fast, and sensitive method for the preconcentration and determination of dyes like CV from water samples.
Conclusions
This work proved that SBA-3 nanosorbent can act as an effective solid phase for the sorption of crystal violet (CV). This may be due to the electrostatic interactions among negatively charged SBA-3 and the positively charged dye. Two of the most important characteristics of the synthesized SBA-3 nano sorbent are the fast sorption and desorption of crystal violet dye. Due to a relatively high preconcentration factor (200), trace amounts of CV at g L −1 levels can be determined accurately. Comparison of analytical features of this method with those of some other preconcentration techniques in Table 3 indicates that the linear range, LOD, preconcentration factor, and extraction time of this method are better than or comparable with most of the other methods. The Langmuir and Freundlich adsorption isotherm models were applied to the adsorption data of CV onto SBA-3 at 25 ∘ C. The Langmuir isotherm was the best model to describe the experimental data. The results obtained from the analysis of fish, fish farming water, and river water samples prove the reliability of the proposed method.
